.. TABLE 1

Threshold Equivalent

Ammonia Connector Tube

Physiological Effect Concentration Life
Least detectable odor 53 ppm 62 yrs.
Maximum concentration allowable for .

prolonged exposure 100 245
Maximum concentration allowable for

short exposure (1/2 to 1 hour) 300-500 49-81
Least amount causing immediate

irritation to the throat 408 60
Least amount causing immediate

irritation to the eyes 698 35
Least amount causing coughing 1720 17
Dangerous for even short exposure ’

(172 hour) 2500-4500 5-10

Rapidly fatal for short exposure 5000-10,000 2-1/2-5
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It is assumed. that an exposed metal surface is suspended in the vapor from
an aqueous ammonia solution. A film of water containing ammonia will form
on the metal surface. The film is assumed to be many molecular layers in

thickness so that its properties approach those of the buik liquid. Under
these conditions the equilibrium concentration of the surrace filmwill be
the same as the liquid producing the vapor.

The experimental results discussed below are for a brass alloy containing
30% zinc., Initially the rate of weight loss is linearlv proportional to

the amount of copper dissolved in the liquid contacting the metal.l»2 This
is due to the participation of cupric and cuprous ammonium complexes in the
following series of reactions!:

—-—

)
2) Cu+
3) zn + WNH3 > Zn(NH3) 2" + 2e

4)  2Cu(NH3)2™ + 1/20p + Hy0 +.UNH3 =2 Cu(NH3), ¥ + 204"

The overail reactions can be summarized as foliows:

5) Cu '+ LNH3 + Hy0 + 1/20, = Cu{NH3)4(0H),
6) Zn + LNH3 + H,0 + 1/20, = Zn(NH3) . (OH),
7 &~ ’4 479 L

The cupric ammonium complex in reaction 1) removes electrons from the metal

surface. This accelerates reaction 2), and the rate of the latter is equiva-

lent to the rate of corrosive attack. One would also expect the rate of

. . . 1 .
reaction 2} to increase with increasing ammonia concentration. Haipern?3 i
Y N o s o ~l ? o Lo o S PR [ - A2 -l _£L_ . PO al e A PR S NP Iy
TdQ L luunu Lﬂli LU vE Lhe Cds>c. ae bLUQleU tne eiriect on wtne race Oor Dotn
[NH3] and [NHy ]. Even if cdncentrated ammonia is diluted 1:100, less tha
2% of the original NH3 is present as NH&+i Halpern found the rate of re-
action to vary proportionately with [NH31.

Thus if all other variables are held constant, the time required for an

equivalent effect should vary inversely with the ammonia concentration. This

relationship can be used to estimate minimum lifetimes for connector tubes
under actual use conditions.
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TO MEMBERS OF SUBCOMMITTEE ON STANDARDS Comments Procegsed

FOR CONNECTCRS FOR GAS APPLIANCES:

This is to inform the subcommittee that the Z21 Committée, at its April 11, 1985
meeting:
1. Returned to the subcommittee the Proposed Standard for Gas Connectors
for Outdoor Connection of Fixed Appliances for Outdoor Installation
and Manufactured (Mobile) Homes to the Gas Supply. ’

The Z21 Committee considered the proposed standard in conjunction with
correspondence from Mr. C. C. Lamar, Lamar Consultants, in which he
objected to the standard on the basis it does not provide adequate
coverage for evaluating the integrity and durability of protective
coating materials on brass connectors. The Committee had also been
provided with copies of a "background information and discussion of
major provisions...." paper which had accompanied the proposed stan-
dard when it was distributed for review and comment. This paper and
Mr. Lamar's letters of comment have been reviewed by the subcommittee.
At the meeting Mr. Lamar and several Committee members stated similar
concerns to that noted above.

The Committee endorsed the sentiments expressed by Mr. Lamar, unanimously
agreed to return the proposed standard to the connector subcommittee and
hereby directs the subcommittee to report within 6 months the progress of
the CPSC/GAMA ad hoc task group currently studying the subject of
evaluative testing of protective coatings on connectors.

2. Returned to the subcommittee the subject of including in the date code
markings the month as well as the year of connector manufacture.

The Z21 Committee hereby directs the subcommittee to modify the con-
nector standards to also include in the date code marking the month of
manufacture, based on the final assembled product, for submittal to the
Committee. The subcommittee's reason for not including the month,
i.e., that parts of a connector are manufactured and assembled at dif-
ferent times, etc., was considered unacceptable. It was pointed out,
for example, that the parts of a furnace are manufactured and assembled
at different times but furnaces are provided with a month and year date
code marking which has been useful in product traceability. This
directive to the connector subcommittee was unanimously approved by

the Committee.

Secretariat - American Gas Association
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Endorsed a project on regularization of common provisions in the
standards.

The Z21 water heater subcommittee, at its November 1984 meeting,

and the Z21 thermostat and automatic ignition systems subcommittee,
at its December 1984 meeting, questioned why provisions common among
the standards are often stated somewhat differently from standard

to standard. They agreed that coverage which is product independent
logically should be the same in all standards. This project, as
formulated at the February 12, 1985 meeting of the Z21 Chairman's
Advisory Committee, anticipates Mr. O. C. (Red) Davis and Mr. Charles
Visos {White-Rodgers) preparing the pertinent draft coverage with

Mr. S. L. Blachman (A.G.A. Laboratories) as project coordinator.

It is possible this regularization project could be in two stages:

first, regularization of common provisions among the standards and,
second, determine whether to form what were described as "generic"

and "specific" product standards. A generic standard(s) would

- include provisions common among the standards. Specific product

standards would reference the generic standards and include those
provisions specific to the particular product. Also considered was
the possibility of having a single combination control standard.

The Committee agreed the subcommittees would be kept informed as

- the editorialization process progresses and that each subcommittee

should establish small groups to monitor recommended changes.

If you have any questions or comments relative to the above actions of the z21
Committee please feel free to contact us.

Very truly yours,
\ﬁ‘d\ﬂ'omm‘, z/é /

HOWARD I. FORMAN

[ o]

W.

F.

H. Johnson

R. J. Schulte

G. Hammaker

J. P. Langmead
Thomas Z. Coopetv/
Ronald L. Medford
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Gas Appliance Connectors
Held at
GAMA Headquarters, Arlington, Virginia
June 20, 1985
Presiding: Marvin Leffler

ROLL CALL: Mr. Marvin Leffler called the meeting to order at
10:00 a.m. EDT. The following were in attendance:

Fred Hyman - Brass-Craft Manufacturing Company
Tom Cooper Consumer Product Safety Commission
Sydney Greenfeld ; Consumer Product Safety Commission
Andy Mayernik Dormont Manufacturing Company
Jerome J. Segal Dormont Manufacturing Company
Marvin Leffler Flexible Fabricators, Inc.
James Brown ) United States Brass
Division of Household
International
Guests )
Bob Crawford American Gas Association
Laboratories
Paul Lare Artech Corp.
J. P. Langmead Gas Appliance Manufacturers
Association

(Acting Secretary)

APPROVAL OF MINUTES: The minutes of the March 15, 1985 meeting
were approved as circulated.

UPDATE ON CPSC ACTIVITIES REGARDING GAS APPLIANCE CONNECTORS:
Mr. Sydney Greenfeld, U.S. Consumer Product Safety Commission,
summarized the work which has already been done for CPSC by
Artech Corp. Mr. Greenfeld indicated that Artech had examined
20 coated corrugated connectors, many of which had been more
tightly coiled than the diameter of the mandrel used in the
"Resistance to Ammonia Atmosphere" test in the Z21.24 connector
standard. It was reported that 42% of the connectors
demonstrated leakage following the test, some in parts that had
been tightly coiled, some where the connectors had been bent
around the specified mandrel and some in areas that had not
been knowingly stressed. In all instances, there were failures
in the coating permitting ammonia vapors access to the brass.




REPORT BY CPSC STAFF METALLURGIST ON POSSIBLE OVER-ANNEALING
PROBLEMS: Mr. Paul Lare of Artech Corporation then reported on
two new tasks which Artech will perform for CPSC. An outline
of the scope of work to be performed in both Tasks 1 and 2 is
attached (Attachment 1). The first task involves a study of
corrosion of connectors under ammonia conditions that might
occur in normal usage. He indicated that after examination of
the current literature, Artech will characterize the brass from
which the connectors were made and how it performs in uncommon
exposures, evaluate the effects of some of the processing and
testing variables on stress corrosion and attempt to relate
performance to stress distribution, ammonia concentration and
time of exposure.

In the second task, Mr. Lare indicated that Artech will develop
a methodology to test the integrity of coatings after searching
the literature and discussing the problems with the American
Gas Association Laboratories (A.G.A.L.) and Underwriters
Laboratories Inc. (UL). Mr. Lare informed the working group
that in evaluating connector coating integrity, he will be
assuming a 25 year connector life. Mr. Lare further indicated
that it would be approximately 16 weeks from the start of

Task 2 to its completion. This means that Task 2 of the Artech
report for CPSC would be completed about the end of October.

This timetable led to a general discussion as to when the next
221 Connector Subcommittee meeting should be scheduled. It was
noted that the 2Z21 Committee, during its April 1985 meeting,
had requested a response from the Connector Subcommittee to the
connector coating issue by October. Following further
discussion, it was unanimously

VOTED
To recommend that GAMA request a postponement of the
221 Connector Subcommittee meeting until at least
after the next meeting of the Working Group which will
be scheduled as soon as possible following the Artech
Task 2 report. . -

During this discussion, the belief was expressed by several
working group members that the Z21 Committee had
inappropriately coupled the subject of coating integrity of
connectors intended for outdoor use with the coating integrity
question of connectors designed and intended for assistance in
piping alignment in indoor locations. It was noted that
coating integrity tests for these two distinctly different
types of connectors could be quite different in view of
differing exposure conditions.




DISCUSSION OF BACKGROUND AND POSSIBLE REVISION TO AMMONIA
ATMOSPHERE TEST: Mr. Leffler discussed a set of tests proposed
by his coating supplier for consideration as a method of
determining coating adhesion. These tests suggested testing
the coating on flat samples of the base metal rather than on
the connector itself. It was agreed that the flat sample used
should be brass.

Mr. Bob Crawford, American Gas Association Laboratories, then
presented a suggested ammonia modified atmosphere test
procedure. A copy of this proposed revision is attached
(Attachment 2). Following discussion, it was agreed to defer
further consideration of these proposed revisions until after
the final Artech study is available.

Mr. Fred Hyman then discussed some testing which he had
conducted on connectors. The connectors had been subjected to
20 bends around the mandrel specified in the 2Z21.24 standard
and 5 torques as specified in that standard. These same
connectors were then exposed to the ammonia atmosphere for a
three hour period and none had demonstrated failure. This led
to a general discussion on the need for data as to what
concentration of ammonia connectors are exposed to and for what
period of time.

DISCUSSION OF TESTS TO EVALUATE "AS RECEIVED" CONNECTORS: At
the previous working group meeting, it was suggested that a
test may need to be developed to simulate the condition of
connectors which are tightly coiled in packaging. As another
way of addressing this concern, it was reported that
manufacturers have written to packagers of connectors and
recommended changes in packaging to eliminate sharp bends. The
response of one packager was demonstrated by a connector
packaged in a manner that did, in fact, eliminate sharp bends.

DISCUSSION OF TEST TO EVALUATE CONNECTOR COATING:
Consideration of this item was addressed under the item,
"DISCUSSION OF BACKGROUND AND POSSIBLE REVISION TO AMMONIA
ATMOSPHERE TEST," noted above. In determining what steps
should be followed next, it was agreed that Mr. Hyman will
write up a draft of the sequential testing he had performed so
that similar tests could be conducted by others. This draft
write-up will be distributed once it is received.

NEXT MEETING: Since the Artech report for CPSC is due to be
completed by the end of October, it was agreed that the next
meeting be scheduled to be held on November 14, 1985.




ADJOURNMENT: The meeting was mmuocﬁumm\mn 1:30 p.m. EDT.

Respectfully submitted,

J. P. Langmead
Acting Secretary

JPL/1sg
Attachments (2)




ATTACHMENT

1

CPSC-C-84-1130
PROPOSED TASK ORDER
ARTECH Reference P9485/J8450.09

ANALYSIS/TEST OBJECTIVE: To develop a correlation between the ANSI Z21.24

ammonia induced stress corrosion cracking (SCC) test relative to brass corru-
gated gas appliance comnectors and normal ammonia exposures which can be

expected to occur.in the home from various commercial household cleaners.

SCOPE OF WORK: The following work shall be performed:

l. Conduct a literature search on SCC of brasses for the past 5 year
period and review the state of the art testing for SCC of brass
products.

2. Characterize the chemical camposition, microstructure, and micro-
hardness of the starting brass tubing material from which the
corrugated tubing is formed.

3. Conduct ammonia resistance tests per Section 4.10 of the ANSI
221.24 standard for base line purposes.

4. Modify standard test mandrel to include 3 proportionately larger
diameters for test specimens and conduct testing of these formed
connector spec‘imens in the standard concentration of ammonia.

5. Analyze the exposure of commectors to indoor poi]_.uta.nts, part:icu-.
larly those produced by gas appliances, and thei-r effect on ammonia
reactivity with the cﬁmectors. Develop rationale for estimating .
and defining the rarige of ammonia exposure likely to be associated

. 1
with comnectors. ‘




6. Modify standard test mandrel to include 3 proportionately smaller

diameters for test specimens and conduct testing-of these formed

1]
3 le.fe..s of ammoni

‘5
3
A ]
n
e
n
[vS

snec
-

the standard by control of the pH using HpSO.

nen

stress relief heat treatments and test their susceptibility to season
cracking by the mercurous nitrate test per ASTM Bl54 as well as their

t #8 for samples subjected to standard annealing practice.

9. Re

10. "Metallographically characterize #8 and #9 and compare with the
originai material (#2 above) before and after corrugation prior to
heat treatment. '

11. Analyze obtained data relative to the SCC of brass connectors and
submit report correlating the ammonia resistance test of: ANST 721.24
with the obtained data. . -

surface cracks on the variously stressed connector test specimens. Frequent

careful microscopic examinations of the connectors' surfaces will be

ermine this thres

s
P e |

cr

~ A
v U

N




For test setup purposes, stress levels will be determined for the connectors
carefully wrapped around the variously si-zgd mandrels through the use of
strain gages attached to the corrugations at critical locations. A three
dimensional plot might then be possible, knowing the ammonia concentration,
conmnector stress level, and threshold t;ime to surface cracking, for inter-
polation of intermediate conditions. A duplicate set of stressed comeé:tor
test specimens will be reciui:red to test the threshold time required for
surface cracks to form using commercial household cleaners, since these
may contain agents that change the reactivity of the ammonia. With this
information established it may then be possible to test Ehg predictability
of SCC ‘in comnectors having different states of heat treatment.

The 'da;a produced is presently considered necessary prior to any design
and testing of new connector test specimens that are based on a flat coil
(pancake) and on a tapered coil profile of increasing diameter and there-
fore decreasing stresé. These can be subjected to three different ammonia
concentrations, for liquid and vapor states, considered likely for cormector
exposure in the home. Altermately flowing heated air and cooled air
through the test specimen configurations to accelerate attack by heating
and accelerated condensat.:ion of vapors by cooling (sumertime ccvndit?on)
might simulate envirormental 'condit:ions over a 25 year projected lifetime of
the connectors. Periodic axial displacement of the coils can be incorporated

into the test to simulate annual or semiannual movement of the conmnector.



PERIOD OF PERFORMANCE

After receiving the collected connector samples, a period of eight (8)
weeks will be required to complete the laboratory work and analysis of the
generated data. The additional one (1) week period will be needed to
complete the draft of the final report. The final report can be delivered
one (1) weék after receiving approval of the draft report. |



CPSC-C-84-1130
PROPOSED TASK ORDER ' -
ARTECH Reference P10085/J8450.1¢g

ANALYSIS/TEST OBJECTIVE: To develop and.demonstrate an improved methodology

for evaluating organic, protective coatings for flexible gas connectors with

an expected life of twenty-five years.

SCOPE OF WORK: The following work shall be performed:

1. Conduct a literature séarch, including phone consultations with
AST™M and UL, for recent d-evelppnents of the previous fivé (5)
years in testing and evaluéting 1ife expectancy of organic
coatings applied to brass. .Review resulting information with

CPSC staff for impact on Test Objective and Scope Of Work.

2." Obtain samples of connectors from CPSC that have little or no residual
stresses and perform exploratory testing of several coated. connector
samples, based on the results of #l, to evaluate and demonstrate an
acceptable test method, such as a conductivity change, that might be
employed to monitor a change in coating proteétion as a function of

mechanical stressing and/or chemical deterioration.

3. For base-line purposes characterize the state of coating perfection
for each sample through measurement of the comnector's conductivity when
the coated portion is immersed in a suitable, chemically non-reacting

electrolyte.




7.

10.

11.

t
Form "U" shaped bends around the variously sized mandrels used in

Task 09 and repeat the conductivity test to detect loss of coating

integrity.

Axially stretch a ten-inch length near the center of the conneccor
for several increments (one increment per connector) and remeasure

. . !
conductivity. 1

H
Axially compress a ten-inch length near the center of the connector
for several decrements (one decrement per connector) and remeasure

conductivity.

(onduct torsion tests as contained in the ANSI Z21.24 standard and

remeasure conductivity after each 90° twist and return cycle.

Conduct three levels of impact tests on connector samples using
metallic shapes of known mass free falliﬁg from known heights and ~

rameasure conductivity.

Conduct appropriate abrasion test$ for several time intervals and

remeasure conductivity.

Thermal cycle cornector samples from -40°F to 300°F (maximum
temperature, ANSI 221.24) at several time intervals and remeasure

conductivity.

&

Subject connector samples to concentrated and diluted household

cleaners and remeasure cornductivity.

[ prm W



12. Estimate the cyclic stresses occurring over a twenty-five (25) year
period and subject connector samples to superimposed stresses thac
simulate yearly mechanical movement, based on results of #4 through

#10 above and measure conductivity as a function of time. *

13. Repeat the above incorporating the effect of household cleaning

agents and/or indoor pollutants, if found detrimental in #11 above.

METHODOLOGY: ARTECH's app;oach to successfully'acéonplishing the TEST
. OBJECTIVE relies on a simple coqductivity test to determine .the existence
of pores or breaks in the. electrically non-conductive, organic protective -
coating as it exists on unstressed connectors. By intelligent selection of
electrolyte concentration, electrode size, applied voltage, and instrument
sensitivity, a good estimation of exposed area may be possible. Some degree
of electrode polarization and other perturbations are anticipated, but elec-
trolyte immersion is presently thought to be a means of moﬁitoring change in
the continuity of the protective coating due to imperfections (such as thin
areas, bubbles, poor adhesion) that open when the connector is mechanically
stressed. . ' -

Using the conductivity as a reference, determined in a suitable electro-
lyte, the mechanical properties of the coating can be evaluated by coﬁtrolled
applicarion of forces that can be experienced by the connector during packaging,
unpackaging, installation, and use over a projected twenty (25) year life.

The application of these forces is expected to cause an increase in the con-
ductivity due to mechanical-breakage of the coating at a critical stress level.
This methodology provides a means of determining a loss in the protection of
the coating that is independent of the composition of the coating whether the

loss is due to chemical or mechanical failure.




It should be noted that the foming of the "U" berd specimen for the
ammonia resistance test does not address the various diameters of flexible .
connectors that ar-e available. While the-annealed brass is capa.bie of deform-
ing without failing, the stress levels incurred in .the coat.ing should be sub-
stantially different when comparing the largést diameter to the smallest
dimetgr. Data generated during this investigation and on Task 0Y should

clarify this size dependency omission of the standard.

PERIOD OF PERFORMANCE

After receiving the collected connector samples, a period of twelve (12)
weeks will be required to complete the laboratory work and analysis of the
generated data. An additional two (2) week period will be needed to canplete
the draft or the final report. The final report can be delivered two (2)

weeks after receiving approval of the draft report.
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410 RESISTANCE TO AMMONIA ATMOSPHERE

Corrugated coppet-alloy metal connectors and fittings ‘
shall not develop faults which would result in gas leakage
under the following Method of Test.

Method of Test

The test specified below shall be applied to each
nominal diameter, type and material of connector submit-
ted. .

On connectors employing & protective coating, this

_ test shall be conducted with the coating in place.

Four sample commectrs, tach z fuk fowg, shall 4o ;uél'ec{d b
e él/aw.'.,, condtons /n'or- & IA/ac,'n, ‘n £he Gmmon's afmo.?ohre !

éam/o/a No, f--:sﬁa// be tiuéﬁcﬁj % 3 IDu{( free of ___ /ou»o(;
prr fach of dominal [aside cf/dmefar/ uSing ﬁ;'a /onazq/am s/ecf{'eJ
in 42.2, : -

§am//G ‘Mo 2 shall be Jué}'(’.&‘fac] & ___ 180’ /enc_/; ) Using the
Iorocham .sﬂc;‘f/«a/ in 4.3, )

5am//e No, 3 shall be :‘ué/'ecéd b ____ 9 twists, using
£he /rachure 5/ac.'f,'eJ n 4,4, |

g&n//d M., & shal| h'a'oé‘acéeo’ A :'m/acfs 57 ﬁa/a//nj e
GOnﬂ@C‘fdr_ADh(@né/{r 8m/ Jra//,'nj #Um d 4(21:/4'6 J'-f.___ é(’.‘é
b 8 smooth concrefz Jurﬁace', This shall be b’Il/o(Zaétm(_~ imes ,




Fach

<& connector shall be bent around a 2% inch (57.2 mm)
diameter mandrel, to form a “U” shape. The ends shall be
secured with a nonmetallic material to hold the connector
in this shape. One end of the connector shall be attached to
an air supply system equipped with a manometer
downstream from a shutoff valve and the other end sealed -
gastight. Air shall then be admitted to the connector until
a pressure equivalent to 6 inches mercury column
(20.3 kPa) is obtained and the shutoff valve closed.”

Each

:ﬂ'n-connector, from the back of one connector nut to
the back of the opposite connector nut, shall be suspended
in a sealed plastic container to which 500 milliliters of
ammonia solution containing -268/milliliters of full
strength ammonia (28 percent) and 258ymilliliters of water
have been added. (More than one connector may be placed
in the container at one time.)

Note: The connector(s) must not come in contact
with the ammonia solution at any time. See
- Figure 5.

If a sudden drop in pressure occurs, the test shall be -
discontinued. Otherwise, the connector, shall be removed
from the container after 18 hours and examined for |eak-
age under not more than a 2-inch (50.8 mm) depth of water
with an internal air pressure of 6 inches mercury column
(20.3 kPai. :

-

kafi'ﬂna/fl . Zn Ioraaf:'ce,, af/lrhnw connectors a.mf féa;"r coaé/njs
are suéj'(chu’ t  some Jg/nz«z of 561'6554'"3 ) V:’m/acf and aéraS/on c/ar/nj
Sk'”i”j , vendor 'oaCfaj/nj an~J imstallation, 7he ammansy afma.;/[ere
tet, which (s ftended 4 dssure intoygrity of profective
coatings  has poen rwvised b fake b account €he ané'cf/afzJ
kniﬂ'nj of 3 conmectr prior @ dnd Jur:'nj installation. 7he
‘6056 Jaﬂlflrﬂﬂ Con C@n‘é"affoln 565 éeen Y'Gc{uo(!c{ __________

(femafnu/cr of wofJ:’nj b 5@ C/QVE{OFGJ). ,
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Mr. Richard Deringer

Chairman, Z21 Connector Subcommittee
c/o Columbia Gas Distribution Companies
P.0. Box 117

Columbus, Ohio 43216-0117 -

Dear Dick:

On behalf of the working group established by the Z21 connector
subcommittee to study connector coatings, I am requesting a
postponement of the next Z21 connector subcommittee meeting
presently scheduled for October 29-30, 1985.

As you know, this working group consists of the Technical
Committee of the Gas Appliance Ccnnector Group of the GAMA
General Products Division and several staff members of the U.S.
Consumer Product Safety Commission (CPSC). This working group
has met twice already and is diligently working on the task
.assigned to it.

CPSC is having studies perZformed to examine existing connector
designs in relation to variations of the ammonia atmosphere

test and the continuity of the coating. The work contracted

out by CPSC is scheduled to ke completed at the end of B
September, Subsequently, the rerort of this proiect will be
available 2 or 3 weeks after that.

Individual connector manufacturers also are conducting studies
on connector coatings including methods of checking coating
continuity and a more realistic ammonia atmosphere test.
Several months are needed for manufacturers to complete this
work.

On its present schedule, the working group will nct have
additional information to consider until the end of October.

In fact, its next meeting is tentatively scheduled for

November 14. Consequently, the working group will not be able

to have recommendations prepared in time for consideration at the
subcormmittee meeting planned for October 29-30. Therefcre, we

/Continued ., . .
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